Abstract Use of combined hormone therapy (CHT) is associated with increased breast cancer incidence, but it is unclear whether this translates into increased breast cancer mortality. To address this question, we conducted a population-based nested case-control study in Saskatchewan, Canada, where a population-based prescription drug database has existed since 1975. We evaluated fatal breast cancer risk in relation to recency and duration of use of CHT and unopposed estrogen hormone therapy (EHT). A total of 1,288 cases and 12,535 controls were included in the analyses. Exclusive use of EHT was not associated with fatal breast cancer risk, either overall or within categories of recency or duration [odds ratio (OR) for current vs. never use = 1.1; 95 % confidence interval (CI) 0.8-1.3]. Use of CHT (includes women who had also used EHT) was also not associated with fatal breast cancer risk (OR for current vs. never use = 0.9; 95 % CI 0.7-1.3), except for a suggestion of an increased risk with current long-term use. Consistent with prior studies, we observed no increased risk of fatal breast cancer associated with use of EHT. To date only a few studies have evaluated fatal breast cancer risk in relation to use of CHT, and collectively the results are inconsistent.
Introduction
Findings from meta-analyses of observational studies [1] [2] [3] and a Women's Health Initiative (WHI) randomized trial [4] leave little doubt that use of combined hormone therapy (CHT) increases risk of developing breast cancer. Less clear, however, is whether use of CHT is associated with an increased risk of death from breast cancer. In the WHI randomized trial of women 50-79 years of age with an intact uterus, those assigned to CHT had a 1.96-fold (95 % confidence interval, CI 1.00-4.04) increased risk of death from breast cancer during a mean follow-up of 11.0 years (with a median duration of the intervention of 5.6 years) [5] . In the WHI observational cohort study, the hazard ratio (HR) of fatal breast cancer associated with CHT use at baseline was 1.32 (95 % CI 0.90-1.93) during a mean follow-up of 11.3 years [6] . It is not clear to what degree these risk estimates apply to current or former use or to duration of use during the follow-up period. In a recent US case-control study, in which HT use was ascertained by inperson interview, no association was observed between fatal breast cancer risk and use of CHT [3] . In a separate WHI randomized trial of women 50-79 years of age without a uterus, those assigned to receive unopposed estrogen hormone therapy (EHT) had a 63 % lower risk of fatal breast cancer (HR = 0.37; 95 % CI 0.13-0.91) during a median follow-up of 11.8 years (with a median duration of the intervention of 7.2 years) [7] . In nearly all other studies of HT and fatal breast cancer, risk was not evaluated separately according to type of hormone therapy (CHT vs. EHT).
To better understand the relation between fatal breast cancer risk and use of CHT and EHT, we conducted a large population-based nested case-control study in Saskatchewan, Canada, where a provincial prescription drug database has existed since September 1975. We evaluated fatal breast cancer risk in relation to recency and duration of use of CHT and EHT.
Materials and methods
Saskatchewan has a universal health care system funded by the provincial government and with leadership provided by the Saskatchewan Ministry of Health. More than 99 % of the population is eligible for health benefits (about 1 million persons); excluded are the individuals whose health care is fully funded through the federal government (e.g., the Royal Canadian Mounted Police) [8] . Eligible individuals receive a unique lifetime health services number which enables an individual's records to be linked across the various population-based health services databases [8] . Approximately 91 % of persons eligible for health benefits are also eligible for outpatient prescription drug benefits through the Saskatchewan Drug Plan; persons not eligible are primarily First Nation peoples, who receive prescriptions drug benefits through a federal program [8] . The underlying population from which study cases and controls were drawn included only women eligible for the Drug Plan.
Case identification
Cases were women who died of breast cancer at 50-79 years of age during 1990-2008, and who had continuous Drug Plan coverage for at least 5 years prior to their first primary breast cancer diagnosis (index date). Death from breast cancer (International Statistical Classification of Diseases, Ninth Revision [9] 174 and International and Statistical Classification of Diseases, Tenth Revision C50 [10] ) was ascertained from the vital statistics death registry of Saskatchewan and the Saskatchewan Cancer Agency's cancer registry. Among 1,881 potentially eligible women, 17 % (n = 316) did not have at least 5 years of continuous Drug Plan coverage prior to the index date. Of the remaining 1,565 women, 29 did not have a record of a breast cancer diagnosis in the cancer registry. These 29 women were excluded because in our analyses, receipt of HT was considered only until the first primary breast cancer diagnosis date (and the comparable date in the controls).
Control identification
Controls were enumerated from the population registry after excluding women not eligible for the Drug Plan. For each case, 15 potential controls were randomly sampled, with replacement, among women with the same birth year and the same duration of continuous health coverage as the case prior to the cases' breast cancer diagnosis date (index date). The potential controls were assigned the index date of their matched case. Controls with a breast cancer diagnosis prior to the index date, ascertained from the cancer registry, were excluded from the control pool, because our goal was to assess fatal breast cancer risk in relation to HT use among women with no prior breast cancer diagnosis. For each case, 10 controls were randomly sampled from the remaining pool of controls.
Ascertainment of menopausal hormone therapy use
Menopausal HT prescriptions dispensed to cases and controls prior to the index date were ascertained from the Drug Plan database [8] . The database includes all outpatient prescriptions dispensed for drugs listed on the Saskatchewan Formulary [8] . In this study, EHT and CHT comprised prescriptions for oral or transdermal patch estrogens and progestogens. During the study period, 1975-2008, women in Saskatchewan who were prescribed CHT were generally given separate prescriptions for estrogen and progestogen components. Therefore, an estrogen prescription was classified as a CHT prescription if a progestogen was dispensed within the prior 90 days or the subsequent 20 days. (Among all CHT prescriptions, 80.4 % had a progestogen dispensed on the same day as the estrogen.) All remaining estrogen prescriptions were classified as EHT.
The drug name, dispensing date, dosage form (e.g., tablet, transdermal patch, etc.), strength and quantity were ascertained from the prescription database. Duration of use of EHT and CHT was estimated based on the quantity of estrogen dispensed. Twenty-five estrogen pills or one package of estrogen-containing transdermal patches (which contains a 4-week supply) were considered equivalent to 1 month of use. Dose was computed from strength assuming that one pill (or patch) was taken (worn) per day on pilltaking (patch-wearing) days. Details on the computation of specific CHT regimens (e.g., combined vs. sequential) are described in Online Resource 1.
Ascertainment of potential confounders
Demographic information from the index year was ascertained from the population registry (residence, marital status, and receipt of income security benefits). Receipt of a hysterectomy prior to the index date was ascertained from the hospital services and physician services databases. The hospital services database dates back to 1970 and includes procedure and diagnosis codes for all hospital inpatient stays and day surgeries for Saskatchewan beneficiaries [8] . The physician services database includes physicians' claims for payment since 1975 (most Saskatchewan physicians are paid on a fee-for-service basis) [8] .
We were unable to specifically ascertain receipt of bilateral oophorectomy because not all codes distinguished unilateral from bilateral oophorectomy. A diagnosis of cancer prior to the index date was ascertained from the cancer registry, going back to 1970 (the earliest year with automated data). Receipt of screening mammogram in the 3 years prior to the index date was ascertained from the Screening Program for Breast Cancer database. The program began in select regions in 1990, and since 1993, women in the whole province who are eligible to receive a screening mammogram do so through the program. It offers mammography every year to eligible women with a first degree family history of breast cancer, and mammography every 2 years to those without a family history [11] . Eligible women are those who are C50 years of age, who do not have symptoms of breast cancer such as breast lumps, and who do not have breast implants [11, 12] .
Statistical analysis
Women who never had any HT prescription served as the reference group for all analyses. Ever use was defined as C2 prescriptions for the specified HT within a 6-month period. This definition provided some assurance that women categorized as ever users did not include women who took little or no medication before discontinuing use. Current users were women who had a prescription for the specified HT within the 6 months prior to the index date. Former users were women whose last use of the specified HT was more than 6 months prior to the index date. Excluded from all the analyses were women who had C1 HT prescription but did not meet our criteria for being ''ever users'' of EHT or of CHT (248 cases and 2,818 controls). A total of 1,288 cases and 12,353 controls remained for analysis.
Unconditional logistic regression was used to compute odds ratios (ORs) and 95 % CIs. All ORs were adjusted for variables on which cases and controls were matched: duration of health care coverage prior to the index date, year of birth, and index year. We additionally adjusted for variables (categorized as shown in Table 1 ) that changed the OR by C10 %: receipt of a screening mammogram in the 3 years prior to the index date and receipt of a hysterectomy prior to the index date. Tests for trend were conducted by modeling the categorical exposure variable as a single linear term in the models. Women who did not have a prescription for any hormone therapy (the reference category) were excluded from the tests for trend. All analyses were conducted using Stata/SE 12.1 (StataCorp LP, College Station, TX).
Sensitivity analyses
We conducted several sensitivity analyses. (1) We sought to determine whether our finding on fatal breast cancer risk in relation to CHT use differed when we used a different algorithm to ascertain prescriptions for CHT. To do so, we evaluated risk in relation to number of progestogen prescriptions dispensed prior to the index date (regardless of dispensed estrogen; Table 5 ).
(2) There was a relatively brief period, July 1987-December 1988, when data on dispensed prescriptions were not available due to an administrative change in the Drug Plan. We estimated the impact of underascertainment of duration of HT use among ever users. Women with C1 prescription for the specified type of HT (i.e., CHT or EHT) in the 3 months before and after this interval were classified as having taken the HT during the interval. Those with C1 prescription for the specified HT in the 3 months before or after the interval, but not both, were classified as having taken the HT for 9 months of the 18 month interval. We found that the ORs associated with duration of use of EHT and CHT did not differ appreciably from the original analyses (data not shown).
(3) Some less commonly used menopausal hormones (transdermal patches and micronized progesterone) were listed on the Formulary with restricted coverage during part of the observation period. Providers had the option to apply to the Drug Plan for approval for patient coverage for these medications. If an application was not made or not approved, then the dispensing of the medication was not captured in the Drug Plan database. Micronized progesterone had restricted coverage from July 1996-2008, and the transdermal patches from January 1997 or later through 2008. Our analyses of the specific formulation of CHT, conjugated estrogens (CEs) plus medroxyprogesterone For example, an estrogen that was actually dispensed with micronized progesterone may have been misclassified as EHT (when it was really for CHT). Therefore, we conducted an analysis of risk in relation to recency and duration of EHT use that was restricted to women with an index date before July 1996 (no menopausal hormones were on the Formulary with restricted coverage before July 1996). The ORs in the restricted sample were similar to those based on the whole study population (data not shown).
Results
Cases were slightly more likely than controls to have resided in an urban region in the index year, never had been married, received income security benefits in the index year, and had a prior cancer diagnosis (Table 1) . Controls were more likely than cases to have had a hysterectomy prior to the index date and a screening mammogram in the 3 years prior to the index date. Among ever users of EHT, 83 % were exclusive users. Exclusive ever use of EHT was not associated with risk (OR = 1.0; 95 % CI 0.8-1.2), and risk did not vary by recency (Table 2) or by duration of use among former (data not shown) and current users ( Table 2) . Among exclusive ever users of EHT, 86 % were ever users of CE. Risk was not related to use of CE, and it did not vary by recency or by duration of use among current and former users, for any dose (0.3, 0.625, and [0.625-2.5 mg/day; data not shown).
Among ever users of CHT, 51 % were exclusive users. Because about half of all ever users of CHT are excluded in an analysis restricted to exclusive users, and because EHT use was not related to risk, our analysis of CHT use included all ever users of CHT (Table 3 ). Ever use of CHT was not associated with risk (OR = 0.9; 95 % CI 0.7-1.1), and risk did not vary by recency or by duration of use among former users (data not shown). Among current users, there was a suggestion of an increased risk with use of C10 years, OR = 2.1, but this association was statistically imprecise (95 % CI 0.8-5.7).
Among ever users of CHT, 84 % were ever users of CE plus MPA. Our findings on risk in relation to use of CE plus MPA overall (Table 4) , by dose of MPA (Online Resource 2), and for sequential and continuous regimens (Online Resource 3), were similar to those for use of CHT overall.
Our findings on risk in relation to number of progestogen prescriptions dispensed were also similar to those for use of CHT. Risk was not related to use of progestogen, (Table 5) . Women who were current users with C48 progestogen prescriptions had a 2.3-fold (95 % CI 1.1-5.1) increased risk of fatal breast cancer (Table 5 ).
Discussion
In this study, neither a history of use of EHT nor of CHT was associated with fatal breast cancer risk. Risk was also not related to recency or duration of use, except possibly for an increased risk with current long-term use of CHT. However, the number of women in this category of use was small. These findings should be interpreted in the context of the limitations of this study. Only incomplete measures were available for some potential confounding variables. The earliest year in which data on receipt of hysterectomy were available was 1970. To estimate the impact of residual confounding by hysterectomy status, we conducted an analysis of ever use and recency of use that was restricted to the 33 % of the study population who were 35 years of age or younger in 1970 and had health coverage between January 1970 and the index date (i.e., women for whom we likely had relatively complete information on receipt of hysterectomy). The ORs were similar in the whole versus the restricted sample. We also did not have information on At least two prescriptions for CHT within a 6-month period c At least one prescription for CHT within the 6 months prior to the index date (date of breast cancer diagnosis in cases and comparable date in controls) d Last prescription of CHT was [6 months prior to the index date e P for trend excluding never users = 0.362 f P for trend excluding never users = 0.046 g P for trend (time since last use) excluding never users = 0.219 h OR comparing current users for C5 years to never users = 1.4 (95 % CI 0.8, 2.2) i Denominator does not include 274 cases and 2,845 controls who had C2 prescriptions for unopposed estrogen within a 6-month period but never had C2 prescriptions for CHT within a 6-month period were excluded j ORs were adjusted for duration of health care coverage prior to the index date, year of birth, index year (year of breast cancer diagnosis in cases and comparable year in controls), receipt of a screening mammogram in the 3 years prior to the index date and receipt of a hysterectomy prior to the index date f Denominator does not include 289 cases and 3,042 controls who had C2 prescriptions for unopposed estrogen therapy within a 6-month period or C2 prescriptions for combined hormone therapy within a 6-month period but never had C2 prescriptions for CE plus MPA within a 6-month period g ORs were adjusted for duration of health care coverage prior to the index date, year of birth, index year (year of breast cancer diagnosis in cases and comparable year in controls), receipt of a screening mammogram in the 3 years prior to the index date and receipt of a hysterectomy prior to the index date receipt of bilateral oophorectomy, which has been associated with a decreased risk of breast cancer in women who receive the procedure before 40-45 years of age [13, 14] .
However, the prevalence of receipt of a bilateral oophorectomy before age 40-45 years was likely relatively low (e.g., it was only 5-8 % in these two large US populationbased studies) [13, 14] . Information on receipt of screening mammography may also have been incomplete. A biennial organized screening mammogram program was present in the whole province by 1993. Thus, by 1995, all women in who were eligible to receive a screening mammogram (eligible age is C50 years) would have had the opportunity to be screened at least once. We conducted an analysis of ever use and recency of use that was restricted to women for whom we likely had relatively complete information on receipt of screening mammography in the recent past: all women with an index age \50 years, plus women with an index age C52 years, an index year C1995, and health care coverage since January 1993 (47 % of the study population). Again, the ORs were similar in the sample that was restricted on this basis.
Although a potential concern is uncontrolled confounding by variables that could not be ascertained from the databases, one prior study of fatal breast cancer risk in relation to use of CHT reported which variables, ascertained by in-person interview, met a specified criterion for confounding ([5 % change in the OR) [3] . Norman et al. [3] found that after adjusting for variables deemed a priori to be potential confounders (age at menopause, type of menopause, and receipt of a screening mammogram in the 2 years before the cases' breast cancer diagnosis and the comparable date in the controls), there was no confounding by body mass index, family history of breast cancer, education, marital status, parity, alcohol consumption, smoking status, number of preexisting medical conditions, and use of oral contraceptives.
There are several strengths of this study, many of which arise from its population-based design. Women in the present study were likely taking HT around the onset of menopause, whereas in the WHI trials, only 17 % of women were randomized to CHT within 5 years of menopause [5] , and only 20 % of women were randomized to EHT within 10 years of menopause [7] . The timing of HT initiation relative to menopause onset may be relevant to breast cancer incidence [15] , although it is not known how it may be related to fatal breast cancer risk. Cases and controls also had relatively long periods of continuous prescription drug coverage prior to their index date (median = 17 years). Information on HT use was ascertained from prospectively recorded Drug Plan data and therefore was not influenced by case/control status or subject to recall errors. Selection bias is unlikely as all eligible cases identified from the databases were included, and the population registry made it possible to select controls from the underlying population from which the cases arose. We excluded women (226 cases and 2,614 controls) who had C1 HT prescription but were not ever users of estrogen (C2 prescriptions for estrogen within a 6-month period) or ever users of progestogen (C2 prescriptions for progestogen within a 6-month period). A total of 1,310 cases and 12,739 controls remained for analysis OR odds ratio, CI confidence interval a No prescription for any hormone therapy b At least two prescriptions for progestogen within a 6-month period c At least one prescription for progestogen within the 6 months period to the index date (date of breast cancer diagnosis in cases and comparable date in controls) d Last prescription for progestogen was [6 months prior to the index date e P for trend excluding never users = 0.444 f P for trend excluding never users = 0.157 g P for trend (time since last use) excluding never users = 0.440 h Denominator does not include 270 cases and 2,855 controls who had C2 prescriptions for estrogen within a 6-month period but never had C2 prescriptions for progestogen within a 6-month period i ORs were adjusted for duration of health care coverage prior to the index date, year of birth, index year (year of breast cancer diagnosis in cases and comparable year in controls), receipt of a screening mammogram in the 3 years prior to the index date and receipt of a hysterectomy prior to the index date
Other than the WHI randomized trial [5] and WHI observational study [6] , only two studies [3, 16] have evaluated fatal breast cancer risk in relation to CHT use. In one, a Swedish study, the breast cancer mortality rate in a cohort of women with C1 CHT prescription, identified from pharmacy records, was compared to that of the general female population, after accounting for age [16] . A decreased risk was observed in the cohort of CHT users (relative risk = 0.6; 95 % CI 0.4-0.9) [16] . However, the design of the study compromises the interpretation of the results. Women with prevalent breast cancer were excluded from the cohort of CHT users, but not from the comparison cohort [16] . Thus, in the absence of a true association one would expect a lower breast cancer mortality rate in the cohort of CHT users. In the other, mentioned above, by Norman et al. [3] , current CHT use for C3 years was not associated with fatal breast cancer risk (OR = 0.94; 95 % CI 0.59-1.48).
In the WHI CHT trial, the increase in breast cancer incidence in women assigned to CHT was greater for advanced-stage disease than for localized disease [4] . CHT use is associated with increased breast density [17] , and decreased sensitivity of mammography [18] , which may delay tumor detection. Yet findings from observational studies, including the WHI observational study, tend to show that CHT was more strongly associated with the development of tumors that have a relatively good prognosis, specifically, those that are estrogen receptor positive [6, [19] [20] [21] [22] . Some studies have also observed better casefatality in women who took CHT prior to diagnosis [23, 24] . The magnitude of the increased risk of fatal breast cancer associated with CHT use in the WHI randomized trial [5] was not seen in other studies which controlled for potential confounders [3, 6] . It remains to be seen whether the disparity in the results across studies is due to chance or to the presence of residual confounding in the nonrandomized studies.
Although few studies have evaluated fatal breast cancer risk separately for EHT and CHT, several have evaluated HT use overall in relation to fatal breast cancer risk. Ten such studies were identified in a 2002 systematic review; HT use tended to be associated with a reduced risk (statistically significant in only two studies) or to not be associated with risk [25] . The exposures generally occurred before 1990 with some extension in some studies into the early 1990s [25] . The predominant form of HT during this time would have been EHT [26] . In the WHI EHT trial of women 50-79 years of age without a uterus, a 63 % decreased risk of fatal breast cancer (HR = 0.37; 95 % CI 0.13-0.91) was observed in women assigned to CE compared to those assigned to placebo during a median followup of 11.8 years (with a median duration of the intervention of 7.2 years) [7] . As a whole, the findings from these studies, along with our own, are consistent with the hypothesis that EHT use is not associated with an increased risk of fatal breast cancer.
The current understanding of the association between use of CHT and fatal breast cancer risk may be augmented by examining the association in existing longitudinal studies of HT use in women initially enrolled without breast cancer, who were then followed for breast cancer mortality, provided data on CHT use are available.
